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RéSUMé.— Comparaison des patrons d’abondance et de diversité des oiseaux cavitaires dans des 
habitats méditerranéens.— Les oiseaux cavitaires incluent des espèces très dépendantes des vieux arbres et 
des bois morts pour nicher, dormir et se nourrir. Dans la présente étude nous caractérisons les assemblages 
de ces espèces dans cinq types d’habitats différents situés dans un paysage méditerranéen hétérogène. Nous 
avons utilisé la méthode des points d’écoute. Dans tous les types d’habitats, les mésanges (Parus major et 
Cyanistes caeruleus) étaient les plus abondantes, sauf dans en hêtraie où Sitta europaea présentait la plus 
forte abondance moyenne. Les assemblages d’oiseaux cavitaires croissent en abondance, richesse et diver-
sité, avec des changements significatifs, des forêts thermophiles et sclérophylles (Chêne vert et Chêne-liège) 
aux forêts tempérées er mésophiles (Châtaignier, Chêne turc et Hêtre). Ce patron reflète le changement 
progressif de la structure et de la composition spécifique des types de végétation en fonction de celui de 
l’altitude et du climat local. En particulier les données considérées au niveau spécifique confirment que la 
présence d’arbres matures et d’arbres morts (i.e. de gros diamètre) expliquerait l’abondance de Sitta euro-
paea, Picus viridis et Certhia brachydactyla. Nos données soulignent combien, pour les oiseaux cavitaires, 
les forêts mésophiles méditerranéennes de hêtres et de chênes, importantes au plan biogéographique et à 
celui de la conservation, représentent de bons types d’habitats pour ces espèces spécialisées.
SUMMARY.— Hole-nesting birds include species highly dependent on old trees or dead wood for nes-
ting, roosting, breeding and feeding. In this study we characterize the assemblages of these species occur-
ring in five different habitat types located in a heterogeneous Mediterranean landscape. We used the point 
count method. In all habitat types, tits (Parus major and Cyanistes caeruleus) were the most abundant spe-
cies, except in beech forests, where Sitta europaea showed the highest mean abundance. Hole nesting bird 
assemblages increase in abundance, richness and diversity, with significant changes from termophilic and 
sclerophyllous forests (Holm-oak and Cork-oak) to temperate and mesophilic forests (chestnut, Turkey oak 
and Beech). This pattern reflects the progressive change in vegetation type both due to structure and species 
composition, ultimately due to progressive change in altitude and local climate. In particular, data at singles 
species level corroborate that the presence of mature and dead trees (i.e., with high mean diameter) may 
explain the abundance of Sitta europaea, Picus viridis and Certhia brachydactyla. Our dataset highlights 
that, for the hole-nesting birds, mesophilous beech and oak Mediterranean forests of biogeographic and 
conservation concern, represent suitable habitat types for these specialized species. 
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Grouping functionally similar bird species is more effective for developing management 
guidelines and conservation strategies than examining species individually (Canterbury et al., 
2000; Mitchell et al., 2006), also because the intra-guild richness may reflect the status and the 
functionality of ecosystems (Dias & Cabido, 2001; Bishop & Myers, 2005).
Hole-nesting birds, also named “cavity nesters”, represent a guild of species (e.g. wood-
peckers, nuthatches, tits, treecrepers) highly dependent on old trees or dead wood for nesting, 
roosting, breeding and feeding. Consequently, their abundance, richness and diversity depend 
from the availability of space and food resources linked to mature forest habitats (Nilsson, 
1984; Cramp, 1985; Cramp & Perrins, 1993; Remm et al., 2006). Species in this guild can 
be divided in (i) excavator species (e.g. woodpeckers), which excavate cavities secondarily 
used by a large number of insects, reptiles, birds and mammals (primary cavity nesters), and 
(ii) non-excavators (e.g. tits, nuthatches, treecrepers), using to nest tree holes, natural or exca-
vated by the first group of species (secondary cavity nesters; Martin & Li, 1992; Martin & 
Eadie, 1999; Blanc & Walters, 2008). Due to their ecological specialization (sensu Devictor 
et al., 2010) many of these species are considered of high ecological interest and conservation 
concern, being highly sensitive to coppice management, forest fragmentation, isolation and 
degradation (Cieslak, 1985; Helle, 1985; Opdam et al., 1985; Newton, 1994; Matthysen et 
al., 1995; Bellamy et al., 1996; Brazaitis & Angelstam, 2004). Moreover, for their ecological 
traits and fragmentation-sensitivity, some hole-nesting species may be used as indicators of 
human impact in the landscape planning; especially they were used as focal species in nature 
reserves or in the forestry management (Haila, 1985; Wiens, 1995; Hinsley et al., 1995; Bani 
et al., 2002, 2006; Drever & Martin, 2010), analogously to other specialized taxa (e.g., Hess & 
King, 2002; Amici & Battisti, 2009). In particular, many authors highlighted that, among the 
hole-nesting birds, woodpeckers are useful indicators of species richness in forest ecosystems 
(e.g. Mikusiňski et al., 2001; Drever et al., 2008, 2010).
Although hole-nesting birds are an intensively studied guild (e.g., McClelland et al., 
1979; Newton, 1994; Brazaitis & Angelstam 2004), comparative studies among different habi-
tat types in Mediterranean region are relatively scarce and/or focusing only on single or few 
species (e.g., Blondel et al., 1991; Camprodon et al., 2008).
The aim of this preliminary study is to characterize the hole-nesting bird assemblages 
in five different sclerophyllous, thermophilous and mesophilous habitats types, located in a 
heterogeneous Mediterranean landscape of central Italy. In particular, we would analyse the 
assemblage structure in terms of abundance, species richness and diversity, verifying the lin-
kage among these metrics and two focal independent variables of vegetation: tree diameter and 
density of mature and dead plants. 
STUDY AREA
The study area is a heterogeneous forest mosaic landscape located in the Tolfa mountains, Allumiere Municipality 
(Rome Province, Central Italy), ranging from about 200 to 650 m a.s.l. The area, positioned just close to the Tyrrhenian 
coasts, refers to the transitional Mediterranean region (Blasi 1994) and is characterized by acid volcanic substrates and 
flyschoid sedimentary rocks (Devoto & Lombardi, 1977; Dowgiallo, 1995).
In this area, we studied the assemblage of hole-nesting breeding birds occurring in five habitat types located in 
different vegetation and altitudinal contexts (see Contoli et al., 1980; Provincia di Roma, 2007 for additional details): 
(a) Sclerophyllous mixed wood (SCL), site “Ripa Majale”, 200-300 m a.s.l., dominated by Quercus ilex, Q. suber, 
and with Arbutus unedo, Phillyrea latifolia, Pistacia lentiscus, Spartium junceum, Erica arborea; 
(b) Termophilous mixed wood (TER), site “Tor Cimina”, 250-350 m a.s.l., characterized by a prevalence of 
Quercus cerris, Q. pubescens, and with Acer monspessulanum, Acer campestre, Quercus ilex, Pistacia lentiscus, Myrtus 
communis, Erica arborea, Crataegus monogyna; 
(c) Chestnuts (CHE), site “Quattro Bottini”, 400-500 m a.s.l., dominated by Castanea sativa, with Arbutus unedo, 
Quercus ilex, Ilex aquifolium, Fagus sylvatica, Quercus petraea, Q. cerris and Fraxinus ornus; 
(d) Oak mixed woods (OAK), site “Li Sbroccati”, 450-550 m a.s.l., with dominance of Castanea sativa, Quercus 
cerris, and with Q. petraea, Carpinus betulus, Fraxinus ornus, Ostrya carpinifolia, Acer opalus, Arbutus unedo, 
Quercus ilex, Ruscus aculeatus, Ulmus minor and Sorbus torminalis. This wood is listed in the Natura 2000 network as 
a habitat type of European interest (“Castanea sativa forests”; code 9260; 92/43/EU “Habitat” Directive); 
(e) Beech woods (BEE), site “Il Faggeto”, 500-600 m a.s.l., an area of very high conservation value due to the 
unusual altitude of beech forest and the coexistence of mesophilic (e.g. Fagus sylvatica, Quercus petraea, Q. cerris, 
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Carpinus betulus, Ostrya carpinifolia, Acer monspessulanum, Acer pseudoplatanus, Ilex aquifolium, Castanea sativa, 
Ruscus aculeatus) and Mediterranean species (e.g. Quercus ilex, Erica arborea, Spartium junceum, Crataegus monogyna). 
This wood is listed in the Natura 2000 network as a habitat type of European interest (“Apennine beech forests with Taxus 
and Ilex; code 9210; 92/43/EU “Habitat” Directive; Scoppola & Caporali, 1998; Calvario et al., 2008).
METHODS
PROTOCOL
The only hole-nesting birds known as breeding in the study area are (in systematic order): Green Woodpecker (Picus 
viridis), Great Spotted Woodpecker (Dendrocopos major), Great Tit (Parus major), Blue Tit (Cyanistes caeruleus), 
Marsh Tit (Poecile palustris), European Nuthatch (Sitta europaea), Short-toed Treecreeper (Certhia brachydactyla) 
(Brunelli et al., 2011).
To record the hole-nesting birds we carried out a standardized point count method (Bibby et al., 2000; Bibby, 2004) 
between March and June 2011. A total of 40 point counts were located in the five habitat types (eight point counts in 
each of them). We have assumed that inside each habitat type the structure and composition of vegetation was relatively 
uniform: therefore each point count was located randomly to obtain representative data from each habitat type.
Census consisted of 5-minutes sampling time during which we recorded all directly observed or singing individuals 
of bird species within a 100 m fixed radius from the point center. In closed habitats, most detections are aural, so that it is 
difficult to estimate distances to detected birds (Buckland et al., 2001). Moreover, in multi-species surveys it is difficult 
to devise simple field procedures that will give low bias across a wide range of species (Buckland et al., 2001): therefore 
we did not carry out a distance sampling approach.
To analyse the structure of the hole-nesting bird assemblage, at each point count two sampling sessions were 
carried out (each one 5-minutes long): the first one in March-April and the second one in May-June. Since all the guild 
species are sedentary (i.e. not migrants) we did not performed a temporal replication.
To remove the possible observer effect, samplings were contemporarily performed by three observers (MF, LZ, 
MAB). The values obtained from each observer were compared among them to obtain a reliable value of species 
abundance for each point. Sampling sessions were carried out in early morning between 7.00 and 11.30 a.m. (solar 
time). Field surveys were performed avoiding days of rain, fog or strong wind (Bibby et al., 2000; Sutherland, 2006).
The localization of the point counts was carried out by a GPS to assure a minimum distance of at least 200 m from 
each other, so allowing an independence of data, and to avoid their pseudoreplication. Each sampling point was located 
inside the core of the habitat type, excluding the ecotones where environmental conditions could induce an edge effect 
on the bird counting. Samplings were carried out in relatively unfragmented patches for each habitat type. So, we did 
not consider inter-patches differences inside the same habitat type.
In the five habitat types the vegetation is multi-stratified with at least three main vegetation layers (i.e., herbaceous, 
shrubby and arboreal): although vegetation is different in plant species composition and structure among habitat types, 
we assumed that the decrease in species detectability due to vegetation cover is comparable among habitat types: indeed 
all wood fragments are almost mature with stratified shrubby and the tree layer comparable among them as concerns 
the cover structure.
To assess the effect of the availability of mature and dead trees, at each point were carried out (with direct field 
estimation following an expert-based field procedure) the samplings of: (i) class of dominance of trunk diameter of at 
least 10 trees randomly selected, with a diameter larger than 7.5 cm, calculated at about 1.30 m from the ground (DIA); 
(ii) number of dead and mature tree-trunks (i.e., larger than 10 cm; DEA). We assigned scores ranging from 1 (low) to 5 
(high) for each parameter. In particular, we assigned the following scores: DIA: 1 = < 20 cm in diameter; 2 = 20-40 cm, 
3 = 40-60 cm, 4 = 60-80 cm, 5 = 80-100 cm; DEA: 1 = 0-5%, 2 = 5-25%, 3 = 25-50%, 4 = 50-75%, 5 = 75-100%. 
DATA ANALYSIS
We analysed data in terms of abundance (not presence-absence) also computing community-level metrics.
At each sampling point we obtained a value of the number of checked individuals for each species (Ab), corresponding 
to the maximal value obtained between the two sampling sessions, and a value of total point abundance (Ab tot, as a sum 
of Ab) for all species. Moreover, for each species in each habitat type we obtained a mean point abundance (Abm), as the 
mean of sampled individuals in the eight points, and a total mean point abundance (Abm tot).
For each habitat type, we also obtained at each sampling point the number of hole-nesting bird species so obtaining 
a value of mean species richness (Sm), as the ratio of the total number of species sampled and the number of sampling 
points (n = 8). To normalize the number of species to the sampled individuals we considered the Margalef dominance 
index, as Dm = S-1/log N (Margalef, 1958; see Magurran, 2004), where S is the total number of guild species and N is 
the total number of sampled individuals.
Finally, for the whole dataset of each habitat type, we calculated the Shannon-Weaver diversity index, as H’ = - Σ 
fr ln fr, (Shannon & Weaver, 1963), where fr is the ratio between ni (number of individuals of i th species) and N.
STATISTICAL ANALYSIS
To test the differences among mean abundance values (at single species level and in total) and among mean species 
richness in the different habitat types we used the non-parametric statistical test of Friedman for repeated measures and the 
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Wilcoxon signed ranks test.(2-tailed). We performed a Spearman rank correlation test among the Ab of each species and the 
environmental variables DEA and DIA (n = 40). We used the SPSS 11.0 software for Windows (alfa set = 0.05). 
RESULTS
In the five selected habitat types we sampled 176 individuals belonging to seven species 
of hole-nesting birds. At species level, in all habitat types, tits (Parus major and Cyanistes 
caeruleus) were the more abundant species, except in BEE where Sitta europaea showed the 
highest value of Abm (Tab. I). Abm of Sitta europaea and Certhia brachydactyla significantly 
differed among habitat types (Friedman test; d.f. = 4; Tab. I).
When correlating with the two structural variables of vegetation, Abm of Picus viridis and 
Certhia brachydactyla resulted directly correlated to DEA (respectively, rs = 0.380 and rs = 
0.360, both p < 0.05, n = 40). The Abm of Sitta europaea was directly correlated to both DIA 
(rs = 0.445) and DEA (rs = 0.406, both P < 0.01, n = 40).
At assemblage level, SCL hosted the lowest number of species (n = 2), and BEE the lar-
gest (n = 7) evidencing a clear species nestedness among habitat types (Tab. I). In BEE were 
obtained the higher values of abundance and diversity metrics utilized (Abm tot, Sm, Dm and 
H’; Fig. 1 & 2; Tab. II).
Abm tot was significantly different among habitat types (χ2 = 20.349; p < 0.01; Friedman 
test; Tab. I; Fig. 1). From the thermo-sclerophilous to mesophilous habitat types, we observed 
two significant thresholds in Abm tot: between TER and CHE (Z = -2.220, p < 0.05; n = 8) and 
between OAK and BEE (Z = -2.032 p < 0.05; n = 8, Wilcoxon test).
We observed significant differences in Sm among habitat types (χ2 = 22.247; p < 0.01; 
Friedman test; Tab. II; Fig. 2). At level of single habitat type, the only significantly differences 
observed in Sm were between TER and CHE (Z = -2.121, p < 0.05, Wilcoxon test), while the 
differences in Sm between OAK and BEE tend to be significant (Z = - 1.903; p = 0.057; Wil-
coxon test).
Diversity index and Margalef richness progressively increase their values from SCL to 
BEE (Tab. II).
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Figure 1.— Mean total abundance of hole-nesting bird species in the five Mediterranean habitat types studied (Box and 
Whisker plots): 1: SCL; 2: TER; 3: CHE: 4:OAK; 5: BEE (for abbreviations see caption Tab. II).
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Figure 2.— Mean species richness of hole-nesting bird species in the five Mediterranean habitat types studied (Box 
and Whisker plots): 1: SCL; 2: TER; 3: CHE: 4:OAK; 5: BEE (for abbreviations see caption Table II).
DISCUSSION
Hole-nesting bird assemblages showed a progressive increase in abundance, richness and 
diversity from thermo-sclerophyllous vegetation to the more mesophilic oak and beech forests. 
In particular, we observed significant differences in the total mean abundance between the 
strictly Mediterranean thermophilic habitats (SCL and TER) and the temperate/mesophilous 
ones (CHE, OAK, BEE). This pattern may be due to the progressive change in vegetation 
composition and structure consequent to progressive change in altitude and local climate. From 
the Mediterranean sclerophyllous woods to the more continental beech forests, trees are pro-
gressively larger and the wood structure is more complex as an adaptive response to the local 
climatic regime (e.g., higher mean annual precipitations and higher availability of water; Blasi, 
1994). Therefore in the mesophilic forests a higher availability of suitable resources for hole-
nesting birds may occur, particularly, the presence of living or dead larger trunks for nesting 
so explaining the higher abundance, species richness and diversity of these species (e.g., Cam-
prodon et al., 2008). 
Moreover, we observed a progressive species nestedness from BEE to SCL that should be 
further investigated with larger scale studies and long-term monitoring (see, for an example, 
Saether et al., 2003). 
In birds the availability of space and food resources is the main predictor of species abun-
dance and the availability of ecological niches is the main driver of species richness (Wiens, 
1989): therefore our dataset highlights that, for the guild of hole-nesting birds, Mediterranean 
mesophilous beech forests may represent a suitable habitat for these specialized species. In 
particular, in beech forests the hole-nesting bird species showed the higher abundance and 
species richness when compared to other selected habitat types. Since the guild of hole-nesting 
birds may include indicators (i.e. focal and umbrella species) for ecological network planning 
because of their habitat fragmentation sensitivity (Bani et al., 2002, 2006; Lorenzetti & Bat-
tisti, 2006; Mikusiňski et al., 2001), our data corroborate that Mediterranean beech forests at 
relatively low altitude are habitat types of high biogeographic value and conservation concern, 
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being included in 92/43/CEE Directive habitat types (European Commission – DG Environ-
ment, 2000; Calvario et al., 2008).
Data at single species level corroborate that the presence of dead and/or mature trees (i.e., 
with high mean diameter) may explain the abundance of Sitta europaea, Picus viridis and Cer-
thia barchydactyla confirming previous research (Waters et al., 1990; Newton, 1994; Lõhmus 
& Remm, 2005; Camprodon et al., 2008).
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